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Abstenet

Conunicalinn protoeals are known to indlienre the niilization and
performance of eommunication uebwork. Tn this paper, we investigale
Lhe elfoet of two token-ring protorols on n gigabil network with omitiple
ving structure. I the dirst protacol, a node seds at mosh one imessage
on reeviving a token. In the second protacol, a node sends alt the
waiting messages when a token s reeeived. The heliavior of these
protocols is shawa Lo be highly depeadent on the tunnher of rings as

well as Lthe Lhe Joad in the network.

1 Introduction

The use of parallel commupication channels Lo achieve a pigabit nelwork is
wovery inferesting concept. Fsperially, il gigabit network needs to be built
from an existing common carrier system. a network of paralicl channels may
be a viable alteruate. However, its appropriateness can only be ascertained
after determining its behavior nuder different laad conditions. To this end,
we chose a parallel ring network operating on token-hased protocols.
Currently, our studics are restricted to two token-ring protocols. With
each of the protocols. a Loken is assigned Lo cach of Lhe rings in the network.
All tokens rotale in the same direction. While a node is holding a token for

transmission, it cannot holid any other token.

1. Exhanstive Policy: Under this policy, when a node obtains a token, ity ",
transmits all the messages in its quene, and then releases the token. i+
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2. Non-exhaunstive Policy: Under this policy, a node can transimit al most.

one message when il receives a loken.

In this report, we deseribe the results obtained from simulalions of these

two protocols. From these resnlts, we make some comments regarding the
appropriateness of parallel ring structures operating at gigabit speeds.

Input Paramcters

In order to determine the hehavior of the multiring token-based protocols,
we have run a number of experiments. Following is a summary of the input

Since we are only interested in gigabil networks, .we have considered
. (4 .
the total bandwidth of the network to he 10? bits/see.

Wien there are I rings in the system, cach ring has a bandwidth of
109/ ¢ bits/see.

Since token-ring protocols are only relevant for local area nets, we
considered a total ring length of 30 K, with 30 cqually spaced nodes.

The propagation delay on Lhe network is taken to be half the speed of
light (i.c. 150Km/msec).

For simplicity, we assume constant length messages (10K bits). Fach
message is transmitled as one entity (i.c. no fragmentation).

The load on the network is expressed in terms of mean-Lime hetween
arrivals (m) ol messages al any node. Low loads are represented by
m = 1.0, which denoles Lhat one the average a message may be cx-
pected once every | msee at cach node. High load is represented by
m = 0.31. We have used = 0.5,0.4,0.35 as other values, Message

arrivals are assumed Lo be Poisson.

3 Results

The performance of the protocols is based on simalation of the network. The
simulation was carricd ont for 10 seconds, The system was let to stabilize
in the first 5 seconds, and the statistics were then taken in the sccond hall

of the experiment.




We make the following observations lrom Lhe obtained results:

o In Figure 1, we compare the average time that amessage at the head

of a queue al a node needs to wait hefore a token on any of the rings
is captured. ‘This time is also generally reflerred Lo as residual time
of the token inter-arrival time (RI3). When the inter-arrival time
of messages (at cach node) is al least 0.5, the residual time is less
than 0.3 msec. As Lhe mean-time between arrivals decreases, this time
increases significantly, Certainly, having multiple vings results in a

reduced Ry,

Figure 2 illustrates the effect of number of rings on the average waiting
time of a message. Under the exhaustive policy, the average waiting
time (RT7) is less than | msec for m < 0.35. The benefit due to the
presence of multiple rings is more apparent at high loads. For low
loads (m > 0.5), the average wailing time is almost the same as Rify.
This is obvious since the guene sizes are generally very small.

Under the non-exhaustive policy, single-ring networks cannot tolerate
situations where m < 0.5, (This can also be proved analytically).
When there are at least & rpings, the system can tolerate values of
m > 0.35. When m = 0.31, however, Lhe system has very large queues
(hence not shown in the fignre), resulting in very large average wailing

times.

Figure 3 summarizes the relationship between average token interar-
rival times and the number of rings. Obviously, the average token
inter-arrival timme (E[T]) at a node decreases with the number of rings,
since the number of tokens is now increased. This decrease is more
pronounced at high loads (m < 0.31). Under the non-exhaustive pol-
icy, the token inter-arrival Limes are quite low (even under high loads).
This is not surprising knowing that in this protocol at most one packet.
per node per token is only transmitted. With the exhaustive policy,
however, the token inter-arrival times for the tokens could be signifi-
cant for smaller number of riugs.

Figure 4 illustrates the randomness of the measured inter-arrival times
of tokens. This randomness is cxpressed in terms of the ratio of
the standard deviation to the mean of the token inter-arrival times.
The ratios are higher for the non-exhaustive policy. Since the non-
exhaustive policy sends at most one packet at a time, while the exhaus-



tive policy sends all the pending, packels with a token, this observation
is connter intuitive. \We are attempling to explain this phenomenon
throngh some probabilistic analysis. Generally, this ratio seems Lo in-
crease with the number of vings (at least up to 8 rings). Beyond eight
rings, the behavior of his ratio scems to depend on the load factor

(m).

Figure 5 describes the relationship between response time and the
number of rings for different loads. Response time includes the time
to wait in Lhe queue, the time for transmission, and the time for prop-
agation from source node to destination node. For low loads, since the
waiting times are approximately constant, there is a slight increase in
the response time with the increase in number ol rings. The increasc in
respouse time may be explained by the increase in transmission delay
duc to reduced bandwidth per ring. The behavior of the average re-
sponse Lime for hoth non-exhaunstive and exhaustive policies is similar
to that of the average waiting times in the queue.

Figure 6 summarizes the variances in the respouse time. This scems
to be quite dillerent from the variances in the waiting times. First,
the variances of the exhaustive and non-exhaustive policy are now
comparable. Sccond, the variances are much less than those in Fig-
ure 4. Once again, we are investigating the possible causes for this
phenomenon.

Average Loken rotation Lime for cach ving is also an important per-
formance metric. This metric is shown in Figure 7. In the case of
exhaustive policy, as expected, the token rotation time is independent
of the number of rings (since increase in ninnber of rings also increases
the transmission delay by the same extent). The behavior of the non-
exhaustive policy needs more investigations,

Determining the probability with which an arriving token is used to
transmit messages ( fr) is useful in describing the utilization of the
network. This relationship is summarized in Figure 8. Clearly, the be-
havior of fr differs under the exhaustive and non-exhaustive policies.
For low loads (c.g. m = 1.0), both policies exhibit similar behavior.

Figure 9 summarizes the behavior of the average waiting time in the
quene ander the two policies. This is similar to Figure 5. Figure 11
describes this information for messages that were not in the head of




the queue (obviously relevant only with the exhaustive policy). Figure
10 displays Lhe average time amessape wailted from the time it arrived
to the time its last bit left the node. Clearly, this is similar to the

times in Fignres 5 oand 9.

The number of packets that were transmitted per node for each arrival
of a token is also a metric ol interest. igure 12 describes this metric
(E(L]). Not surprisingly, the patterns in this figure are similar to the
oncs in Figures 5,9, and 10. The plots for the non-exhaustive policy
arc not relevant since il only transmitls al mmost one packet each time

with a token.

Network utilizalion is a very inportant metric in determining the abil-

_ity of a protocol to function at high loads. Figure 13 summarizes this

metric for the two policies. With the non-exhaustive policy, with a
single ring the network (actually with a capacity of 1 gigabit/sec),
can't have more than 60% utilization of the nctwork capacity (cven
when the input load is high). This is certainly a restriction. Similarly,
a two-ring network cannot have more than 75% utilization. The ex-
liaustive policy, however, scems to place no such restriction, and the
utilization appears to be independent of the number of rings.

4 Conclusions
From the above results, we make the following conclusions:

o At allloads, irrespective of the policy, there is a gain in having multiple
rings. Whether this gain reduces when the number of rings increases
(and hence the bandwidth of cach ring decreases) beyond a certain
point, is you to be seen. We propose 1o experiment wilth 32, 64, and
128 rings Lo make stronger conclusions about this impact.

e Gigabit speed networks with a small number of parallel rings (1,2, or
3) will limit the utilization of the network. Thus, the total capacity
of the network can never be ulilized. The exhaustive policy, however,
scems Lo perform well with any number of rings.

o The reduction in response lime seems to be significant with maltiple
rings and at high loads. Certainly, there is a noticeable reduction in
response even at medinm foads with the multiple ring structures,



o 'The token inter-arrival secms to be significantly aflected by the number

of rings and the choice of the policy. This fact is very significant when
parallel networks are used to support real-Lime applications.

I summary, Lhe results are very interesting, but some more studies with
other policics, bigger networks (more nodes, larger lengths), and more rings
need to be carried out bhefore a well established guidelines are set towards
the design of parallel gigabit networks.
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Figure 2a. Exhaustive Policy
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Figurc 4. Standard deviation/Mcan ratios for Token Inter-arrival Times
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Or
C[R]

Figurc 6a: Exhaustive Policy

* m=1.0
A =09
+ m=0.4 —
¢ m=0.3p
1 * m=03 //
— 1
B
— S
+— —
A‘—-—:E h\x‘"ﬂ
0.5 S
e
.\"\.
)
0
2 4 6 8 10 12 14 16
Number of rings (R) =9
Figurc 6a: Noncxhaustive Policy
1.5
1
A/‘>§/}.\\
05 B i
74_\_,
0
2 4 6 8 10 12 14 16
Number of rings (R) =

12
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Figurc 7a: Exhaustive Policy
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Figure 7b: Nonexhaustive Policy
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Figurc 8a: Exhaustive Policy
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Figure 8. Fraction of times that an Arriving Token is Used by a Node for Transmission
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Figurc 9a. Exhaustive Policy
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Figurc 9b. Noncxhaustive Policy
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